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(54) AIR DRYER WITH DIRECT SOLENOID CONTROL

(57) The invention relates to an air dryer unit (1) for
a utility vehicle (5), comprising a desiccant unit (12),
which is arranged downstream from a compressed air
inlet (6) and upstream from a compressed air outlet (7);
and an exhaust valve (11), which is arranged between
the compressed air inlet (6) and the desiccant unit (12);
wherein the exhaust valve (11) is connected to a main
exhaust (15); wherein the exhaust valve (11) is electro-
mechanically operated. The method for operating an air
dryer unit (1) comprises receiving a control signal; and,

depending on the control signal, activating a filling state
or a regeneration state of the air dryer unit (1); wherein,
when the filling state is activated, an exhaust valve (11)
is controlled to connect a desiccant unit (12) to a com-
pressed air inlet (6); and, when the regeneration state is
activated, the exhaust valve (11) is controlled to connect
the desiccant unit (12) to a main exhaust (15); wherein
the control signal is an electrical signal and the exhaust
valve (11) is controlled electromechanically.
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Description

[0001] The present invention relates to an air dryer.
[0002] In utility vehicles, pneumatic systems are usu-
ally used for brake, suspension and other auxiliary sys-
tems. The necessary compressed air is delivered by a
reciprocating compressor, and an air supply system is
equipped with an air dryer unit, which serves to decrease
the water content of the air delivered by the compressor.
[0003] Typical air dryer units use a desiccant to absorb
the humidity. The desiccant cartridge of the air dryer
needs to be regenerated after filling phase. During re-
generation, a backward flow of dried air is led through
the desiccant. Valves are used to control the regenera-
tion process and to exhaust the air to the atmosphere.
[0004] In current applications, the regeneration is re-
alized by an exhaust valve, which is pneumatically con-
trolled by a pilot valve. With such a setup, the large vol-
ume flow of compressed air, which is typically provided,
can be efficiently directed by switching the exhaust valve.
[0005] Due to the spreading use of electric drive solu-
tions, typical modern compressors deliver less air than
the widespread systems according to the state of the art.
Also, it is expected for future that electric brake systems
will appear, which will work without compressed air. For
example, electric vehicles demand lower air volumes for
a service brake due to regenerative braking. Also, off-
engine compressor solutions can be used with lower vol-
umetric flow. As a consequence, the necessary air vol-
ume in the utility vehicle system is assumed to decrease.
[0006] It is expected that modern vehicles will use a
friction brake increasingly only for emergency cases. In-
stead, electromechanical brakes are introduced, which
will eliminate or at least reduce the air demand in service
brake lines significantly.
[0007] However, suspension and trailer brake systems
may still operate with compressed air.
[0008] In addition to that, particularly compact, small
air treatment modules are needed in electric vehicles due
to the large space required by the battery package.
[0009] Furthermore, currently used air dryer solutions
include many components and different units for every
function. Therefore, current air dryers are complicated,
heavy and large.
[0010] Thus, it is the problem of the invention to im-
prove an air dryer unit advantageously, in particular with
respect to cost efficiency, ease of construction, lower
complexity and lower need for assembly space.
[0011] According to the invention, this problem is
solved by an air dryer unit for a utility vehicle according
to claim 1.
[0012] According to this, the air dryer unit comprises a
desiccant unit, which is arranged downstream from a
compressed air inlet and upstream from a compressed
air outlet, and an exhaust valve, which is arranged be-
tween the compressed air inlet and the desiccant unit.
Therein, the exhaust valve is connected to a main ex-
haust. Also, the exhaust valve is electromechanically op-

erated.
[0013] The invention is based on the basic idea to con-
trol the exhaust valve of the system for regeneration di-
rectly, instead of controlling it indirectly via a pilot valve.
The exhaust valve is therefore configured as an electri-
cally controlled valve, in particular a solenoid valve, in-
stead of a pneumatically controlled valve. Thus, a direct
control is used to control the airflow through the air dryer,
either in a direction from the compressor to the vehicle’s
compressed air system, or in the opposite direction from
the compressed air system to an exhaust.
[0014] Thus, the filling and exhausting of the com-
pressed air system can be realized through an electro-
mechanically operated valve, such as a solenoid valve,
which controls the regeneration of the air dryer directly,
without an additional pilot valve. In particular, the exhaust
valve may be situated in a mainstream line of the system,
such that both the filling of the system and the exhausting
or regeneration of the air dryer unit are realized directly
through the exhaust valve. With such a solution, the
number of functional units as well as the overall weight
and the size of the air dryer unit can be reduced signifi-
cantly. Also, the resulting air dryer unit has a lower com-
plexity. It is therefore more robust, cost-efficient and eas-
ier to manufacture. Also, an air dryer unit with lower space
requirements is provided.
[0015] Also, the air dryer unit of the invention is opti-
mized for utility vehicles with low air-demand, such as
electric vehicle solutions.
[0016] In addition to that, the air dryer unit of the inven-
tion can be fixed directly onto the compressor, which pro-
vides compressed air.
[0017] In particular, the compressed air inlet may be
configured for receiving compressed air from a compres-
sor unit, in particular from a compressor.
[0018] Also, the compressed air outlet may be config-
ured for providing compressed air to a unit of the vehicle
or a unit that is connected to the vehicle, such as a trailer.
In particular, compressed air is provided to a consumer
unit.
[0019] In an embodiment, the main exhaust may be
configured for releasing compressed air from the air dryer
unit to an atmosphere surrounding the air dryer unit.
[0020] Also, the main exhaust may be configured for
de-aerating a pneumatic system that is connected to the
air dryer unit.
[0021] In particular, the desiccant unit may be config-
ured following known principles of a unit comprising a
desiccant material, which dries the air flowing from the
compressed air inlet towards the pneumatic system of
the vehicle and/or connected external systems. The
moist incoming air flowing through the desiccant - in par-
ticular during a filling phase of the system - deposits hu-
midity in the desiccant material. Also, contaminations and
in particular particles in the compressed air can be de-
posited in the desiccant material of the desiccant unit.
[0022] In particular, a desiccant cartridge can be used
for the desiccant unit.
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[0023] On the other hand, dry air may be used to re-
generate the desiccant material, when it has absorbed a
certain amount of humidity: Dry air from the pneumatic
system is direct backwards towards and through the des-
iccant unit, and released through the main exhaust. In
this regeneration phase, humidity is released from the
desiccant material and into the atmosphere surrounding
the exhaust.
[0024] In an embodiment of the air dryer unit, a main
check valve is arranged between the desiccant unit and
the compressed air outlet. Also, a throttle is arranged in
parallel to the main check valve in a bypass air duct. In
particular, the throttle may be configured as a nozzle or
a similar element.
[0025] In this configuration, the system is advanta-
geously protected from an overly large airflow in a direc-
tion from the pneumatic system towards the desiccant
unit and the compressed air inlet.
[0026] In a further embodiment, the air dryer unit has
two operational states, namely a filling state and a re-
generation state, wherein in the filling state the exhaust
valve connects the desiccant unit to the compressed air
inlet, and in the regeneration state the exhaust valve con-
nects the desiccant unit to the main exhaust.
[0027] In this case, the phases for filling and regener-
ation are advantageously easily defined by the state of
the exhaust valve: If a connection is provided from the
compressed air inlet towards the desiccant unit, air flows
through the desiccant unit towards the pneumatic system
of the vehicle and/or other connected systems. On the
other hand, if a connection is provided between the des-
iccant unit and the main exhaust, air is flowing from the
pneumatic system towards the exhaust, thus regenerat-
ing the desiccant unit.
[0028] In particular, the exhaust valve may be config-
ured with two states, namely one state in which the con-
nection from the compressed air inlet towards the desic-
cant unit is provided, thus defining the filling state, and
another state, in which the connection from the desiccant
unit to the main exhaust is provided, thus defining the
regeneration state of the air dryer unit.
[0029] In another embodiment, the air dryer unit further
comprises a control unit, which is configured to output
an electrical control signal, for directly controlling the ex-
haust valve.
[0030] Thus, the air dryer unit can be operated without
the need for further element, such as an additional pilot
valve.
[0031] In particular, "directly controlling the exhaust
valve" may be understood as a control without using a
pilot valve. In common systems, a pilot valve, such as a
relay valve, is pneumatically connected to a control input
of the exhaust valve. In this case, while the pilot valve is
electrically controlled and outputs a pneumatic control
pressure or pneumatic control signal, the exhaust valve
is pneumatically controlled and this subject to an indirect
control via the pilot valve.
[0032] In particular, the control unit is configured to ac-

tivate the filling state or the regeneration state of the air
dryer unit by controlling the exhaust valve.
[0033] In an embodiment, the exhaust valve is a sole-
noid valve. Thus, the exhaust valve may be configured
easily and in a very robust way to control the states of
the air dryer unit and have efficient transition between
filling and regeneration.
[0034] In further embodiment, the exhaust valve may
have different types of electromechanically operated
valves.
[0035] In another embodiment, the exhaust valve is a
3/2-way valve. This gives advantageously easy possibil-
ities to provide the connections as described above. In
particular, a solenoid 3/2-way valve may be used, for
example a 3/2-way normally open solenoid valve.
[0036] In other embodiments, the exhaust valve may
be differently configured as another type of valve. For
example, 3/2- or 3/3-way valves can be used.
[0037] Also, the exhaust valve may be of a normally
opened or normally closed type.
[0038] In another embodiment, the air dryer unit further
comprises a secondary check valve, which is arranged
upstream from the desiccant unit, wherein the secondary
check valve is configured to prevent an air back-flow to
the compressed air inlet.
[0039] In particular, the secondary check valve unit is
arranged between the compressed air inlet of the air dryer
unit and the exhaust valve. Also, the secondary check
valve may be arranged in a connecting line from a com-
pressor, which provides the compressed air to the air
dryer unit, before the compressed air reaches the desic-
cant unit.
[0040] In another embodiment, the exhaust valve is
not controlled by another valve, in particular not by a pilot
valve. Thus, the air dryer unit is advantageously realized
with fewer components and thus lighter and more robust
than common configurations, which use a pilot valve.
[0041] The method for operating an air dryer unit ac-
cording comprises receiving a control signal and, de-
pending on the control signal, activating a filling state or
a regeneration state of the air dryer unit. Herein, when
the filling state is activated, an exhaust valve is controlled
to connect a desiccant unit to a compressed air inlet.
Furthermore, when the regeneration state is activated,
the exhaust valve is controlled to connect the desiccant
unit to a main exhaust. Herein, the control signal is an
electrical signal and the exhaust valve is controlled elec-
tromechanically.
[0042] The method is in particular configured to oper-
ate the air dryer unit according to the present description
and/or according to the present claims. Thus, the method
has the same advantages as the air dryer unit according
to the invention.
[0043] In particular, the control signal is an electrical
control signal.
[0044] The control signal may be generated by a con-
trol unit of the air dryer unit and/or by an external control
unit.
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[0045] In particular, the control signal is received by
the exhaust valve. The exhaust valve may then be con-
figured to switch between a first state, in particular a filling
state, in which the desiccant unit is connected to a com-
pressed air inlet, and a second state, in particular a re-
generation state, where the desiccant unit is connected
to a main exhaust.
[0046] Further details and features of the present in-
vention and its embodiments shall now be described and
explained in the figures.
[0047] It is shown in:

Fig. 1 an embodiment of the air dryer unit according
to the present invention in a schematical over-
view;

Fig. 2 another embodiment of the air dryer unit of the
present invention in a schematical overview.

[0048] Turning to Fig. 1, an embodiment of the air dryer
unit is described.
[0049] In the embodiment, the air dryer system 1 is
integrated into a utility vehicle 5.
[0050] The air dryer unit 1 has a housing.
[0051] The air dryer unit 1 has at least one compressed
air inlet 6, in particular an inlet port.
[0052] Also, the air dryer unit 1 has at least one com-
pressed air outlet 7, in particular an outlet port.
[0053] The air dryer unit 1 also has a main exhaust 15,
in particular a main exhaust port.
[0054] The air dryer unit 1 further has an exhaust valve
11.
[0055] The exhaust valve 11 is a solenoid valve.
[0056] In particular, the exhaust valve 11 is configured
as a 3/2-way valve.
[0057] In further embodiments, the exhaust valve 11
can be another type of electromechanically operated
valve.
[0058] Furthermore, the air dryer unit 1 has a desiccant
unit 12.
[0059] Also, the air dryer unit 1 has a main check valve
13.
[0060] In addition to that, the air dryer unit 1 has a noz-
zle 14 or throttle 14.
[0061] In one embodiment, the nozzle 14 can be inte-
grated into the main check valve 13. Furthermore, the
main check valve 13 and the nozzle 14 can be incorpo-
rated into a common unit, e.g., within one common hous-
ing.
[0062] The air dryer unit 1 is connected to a compres-
sor 2.
[0063] The compressor 2 is connected at the com-
pressed air inlet 6.
[0064] In particular, a delivery line of the compressor
2 is connected to the compressed air inlet 6 directly with
a flange or indirectly with a suitable piping.
[0065] Also, the compressed air outlet 7 is connected
to a compressed air system 3.

[0066] The compressed air system 3 is integrated into
the utility vehicle 5 and supplies different consumer sys-
tems with compressed air, such at the vehicle’s brakes,
a suspension and/or an auxiliary air system.
[0067] Also, the compressed air system 3 can provide
compressed air to connected external systems, such as
an air system of a trailer.
[0068] In the air dryer unit 1, the compressed air inlet
6 is connected with the desiccant unit 12.
[0069] The desiccant unit 12 is provided with a desic-
cant material, which takes up humidity from air, which is
flowing through the desiccant unit 12. In particular, mois-
ture is removed from compressed air, as it is provided
by the compressor 2 and received through the com-
pressed air inlet 6.
[0070] In further embodiments, the desiccant unit 12
can have a desiccant cartridge.
[0071] Downstream from the desiccant 12, a main
check valve 13 is arranged.
[0072] Further downstream, the compressed air outlet
7 is provided, where the compressed air system 3 is con-
nected.
[0073] Thus, in a filling state of the system, com-
pressed air is provided by the compressor 2, enters the
air dryer unit 1 through the compressed air inlet 6, passes
the desiccant unit 12, passes the main check valve 13
and reaches the compressed air system 3 through the
compressed air outlet 7.
[0074] The main check valve 13 ensures that air can
only pass in a direction from the compressed air inlet 6
to the compressed air outlet 7.
[0075] Furthermore, the nozzle 14 is provided in a by-
pass line 8 in this embodiment.
[0076] The bypass line is configured to bypass the
main check valve 13, i.e., it is connected upstream the
main check valve 13 at one end and downstream the
main check valve 13 at the other end.
[0077] By providing the bypass line 8 with the nozzle
14, a limited airflow can be allowed without passing the
main check valve 13. In particular, a limited airflow from
the compressed air outlet 7 to the desiccant unit 12 is
possible.
[0078] The invention is based on the idea that different
operational states of the air dryer unit 1 can be activated
and an airflow within the air dryer unit 1 can be re-directed
by switching an electrically controlled valve, instead of
controlling a pilot valve or relay valve, which then pro-
vides a pneumatic control signal to another valve in order
to change the air flow in the air dryer unit 1. Thus, no pilot
valve is used to control the exhaust valve 11. Instead, an
electrical control signal can directly switch the exhaust
valve 11 and activate the different operational states of
the air dryer unit 1, in particular a filling state and a re-
generation state.
[0079] This has the advantages that the system has
fewer components, is lighter and smaller, and can be
made more cost-efficient.
[0080] The exhaust valve 11 is connected to the com-
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pressed air inlet 6, the desiccant unit 12 and the main
exhaust 15.
[0081] The control input of the exhaust valve is elec-
trically connected to the control unit 10.
[0082] In one position, in particular the resting position
of the exhaust valve 11, it pneumatically connects the
compressed air inlet 6 with the desiccant unit 12.
[0083] In another position, in particular when the ex-
haust valve 11 is electrically activated, it pneumatically
connects the main exhaust 15 with the desiccant unit 12.
[0084] In the embodiment, a filling state and a regen-
eration state can be activated for the air dryer unit 1.
[0085] In particular, the filling state and the regenera-
tion state are operational states of the air dryer unit 1.
[0086] The operational states are activated and/or
switched by the control unit 10, which is configured to
generate an electrical control signal and apply it to the
exhaust valve’s 11 control input.
[0087] In the case, which is shown in Fig. 1, the fill state
is activated.
[0088] In this case, the exhaust valve 11 is in its resting
position, i.e., it connects the compressed air inlet 6 to the
desiccant unit 12.
[0089] When the compressor 2 provides compressed
air, airflow is generated from the compressed air inlet 6
through the exhaust valve 11 to the desiccant unit 12.
[0090] Since compressed air is provided from the side
of the desiccant unit 12, the airflow can pass the main
check valve 13 and reaches the compressed air system
3 via the compressed air outlet 7.
[0091] The compressed air system 3 is thus filled with
compressed air.
[0092] When the control unit 10 generates a control
signal to activate the regeneration state, the exhaust
valve 11 is controlled such that it switches its position
and connects the desiccant unit 12 to the main exhaust
15.
[0093] Activation of the regeneration state can be trig-
gered in different ways: For example, the regeneration
state can be activated after a given time, where the air
dryer unit 1 is operated in the filling state, depending on
the volume of compressed air passing the desiccant unit
12 or depending on a humidity of the compressed air that
is provided to the compressed air system 3.
[0094] The connection between the desiccant unit 12
and the main exhaust 15 leads to a deaeration of the
desiccant unit 12 and connected elements.
[0095] In the regeneration state, the main check valve
13 prevents airflow back from the compressed air system
3 to the desiccant 12, but the nozzle 14 allows a certain
amount of such airflow through the bypass line 8.
[0096] The control unit 10 may also provide a control
signal to stop the compressor 2, when the regeneration
state is activated. In particular, this control system form
the compressor 2 can be an electrical signal.
[0097] At the end of the regeneration state, the control
unit 10 generates a signal to activate the filling state
again, and the exhaust valve 11 is controlled to switch

again and connect the desiccant unit 12 to the com-
pressed air inlet 6.
[0098] The end of the regeneration state and/or the
transition to the filling state can be triggered in different
ways: For example, the regeneration state can be ended
after a given time, where the air dryer unit 1 is operated
in the regeneration state, depending on the volume of
compressed air passing the desiccant unit 12 and leaving
through the main exhaust 15.
[0099] Turning to Fig. 2, another embodiment of the
air dryer unit 1 is described. This embodiment is struc-
turally very similar to the embodiment described with re-
lation to Fig. 1. Wherefore, the same reference numerals
have been used and the embodiment of Fig. 1 is ex-
plained in further detail by this embodiment.
[0100] In the case of Fig. 2, the air dryer unit 1 has a
secondary check valve 16 arranged upstream from the
exhaust valve 11, i.e. arranged between the compressed
air inlet 6 and the exhaust valve 11.
[0101] When the filling state of the air dryer unit 1 is
activated, pressurized air from the compressor 2 may
pass the secondary check valve 16 and reach the des-
iccant unit 12 via the exhaust valve 11.
[0102] The dried air then passes the main check valve
13 and is delivered to the compressed air system 3
through the compressed air outlet 7.
[0103] When the system pressure reaches a certain
level, the compressor 2 stops the air delivery, and the air
dryer unit stays in a stand-by phase.
[0104] Therein, the secondary check valve 16 prevents
a backflow from the compressed air system 3 towards
the compressor 2.
[0105] The vehicle brake, a suspension system and
auxiliary compressed air system can consume the pres-
surized air prepared by the air dryer unit 1 and provided
to the compressed air system 3.
[0106] If the system pressure drops below a certain
level, the compressor 2 switches back to the filling phase,
i.e., the compressor 2 pumps again pressurized air
through the compressed air inlet 6.
[0107] When desiccant material in the desiccant unit
12 should be regenerated, the position of the solenoid
exhaust valve 11 is switched: The connection to the inlet
line towards the compressed air inlet 6 is closed, and a
connection from the desiccant unit 12 to the main exhaust
15 is opened.
[0108] The dried air from downstream the desiccant
unit 12 flows back from the compressed air system 3,
expands on a regeneration nozzle 14, and cleans the
desiccant unit 12 from the moisture and contamination.
[0109] The regeneration air exits to the atmosphere at
the main exhaust port 15.

REFERENCE NUMERALS

[0110]

1 Air dryer unit
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2 Compressor
3 Compressed air system
5 Utility vehicle
6 Compressed air inlet
7 Compressed air outlet
8 Bypass line
10 Control unit
11 Exhaust valve
12 Desiccant unit
13 Main check valve
14 Throttle; nozzle
15 Main exhaust
16 Secondary check valve

Claims

1. Air dryer unit (1) for a utility vehicle (5), comprising
a desiccant unit (12), which is arranged downstream
from a compressed air inlet (6) and upstream from
a compressed air outlet (7); and an exhaust valve
(11), which is arranged between the compressed air
inlet (6) and the desiccant unit (12); wherein the ex-
haust valve (11) is connected to a main exhaust (15);
wherein the exhaust valve (11) is electromechani-
cally operated.

2. Air dryer unit (1) according to claim 1,
characterized in that
a main check valve (13) is arranged between the
desiccant unit (12) and the compressed air outlet (7),
and a throttle (14) is arranged in parallel to the main
check valve (13) in a bypass air duct (8).

3. Air dryer unit (1) according to claim 1 or 2,
characterized in that
the air dryer unit (1) has two operational states,
namely a filling state and a regeneration state,
wherein in the filling state the exhaust valve (11) con-
nects the desiccant unit (12) to the compressed air
inlet (6), and in the regeneration state the exhaust
valve (11) connects the desiccant unit (12) to the
main exhaust (15).

4. Air dryer unit (1) according to one of the preceding
claims,
characterized in that
the air dryer unit (1) further comprises a control unit
(10), which is configured to output an electrical con-
trol signal, for directly controlling the exhaust valve
(11).

5. Air dryer unit (1) according to one of the preceding
claims,
characterized in that
the exhaust valve (11) is a solenoid valve.

6. Air dryer unit (1) according to one of the preceding

claims,
characterized in that
the exhaust valve (11) is a 3/2-way valve.

7. Air dryer unit (1) according to one of the preceding
claims,
characterized in that
the air dryer unit (1) further comprises a secondary
check valve (16), which is arranged upstream from
the desiccant unit (12), wherein the secondary check
valve (16) is configured to prevent an air back-flow
to the compressed air inlet.

8. Air dryer (1) unit according to one of the preceding
claims,
characterized in that
the exhaust valve (11) is not controlled by another
valve, in particular not by a pilot valve.

9. Method for operating an air dryer unit (1), wherein a
control signal is received; and, depending on the
control signal, a filling state or a regeneration state
of the air dryer unit (1) is activated; wherein, when
the filling state is activated, an exhaust valve (11) is
controlled to connect a desiccant unit (12) to a com-
pressed air inlet (6); and, when the regeneration
state is activated, the exhaust valve (11) is controlled
to connect the desiccant unit (12) to a main exhaust
(15); wherein the control signal is an electrical signal
and the exhaust valve (11) is controlled electrome-
chanically.

10. Method according to claim 9,
characterized in that
the air dryer unit (1) is an air dryer unit (1) according
to one of claims 1 to 8.
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